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[METHOD FOR MAKING 
ELECTRICAL CONNECTION TO 

ULTRASONIC TRANSDUCER 
THROUGH ACOUSTIC BACKING 

MATERIAL] 

Background of Invention 

[0001] This invention generally relates to methods and devices for making electrical 

connections to ultrasonic transducers. In particular, the invention relates to methods 
for making electrical connections to ultrasonic transducer elements through an 
acoustic backing layer. 

[0002] A typical ultrasound probe consists of three basic parts: (1) a transducer package; 
(2) a multi-wire coaxial cable connecting the transducer to the rest of the ultrasound 
system; and (3) other miscellaneous mechanical hardware such as the probe housing, 
potting material and electrical shielding. The transducer package is typically produced 
by stacking layers in sequence. 

[0003] 1^ known transducer stack, a flexible printed circuit board (hereinafter 

"flex circuit"), having a plurality of conductive traces connected in common to an 
exposed bus, is bonded to a metal-coated rear face of a large piezoelectric ceramic 
block. The bus of the flex circuit is bonded and electrically coupled to the metal- 
coated rear face of the piezoelectric ceramic block. In addition, a conductive foil is 
bonded to a metal-coated front face of the piezoelectric ceramic block to provide a 
ground path for the ground electrodes of the final transducer array. The conductive 
foil must be sufficiently thin to be acoustically transparent, that is, to allow ultrasound 
emitted from the front face of the piezoelectric ceramic block to pass through the foil 
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without significant attenuation. The conductive foil extends beyond the area of the 
transducer array and is connected to electrical ground. 

[0004] Next, a first acoustic impedance matching layer is bonded to the conductive foil. 

This acoustic impedance matching layer has an acoustic impedance less than that of 
the piezoelectric ceramic. Optionally, a second acoustic impedance matching layer 
having an acoustic impedance less than that of the first acoustic impedance matching 
layer is bonded to the front face of the first matching layer. The acoustic impedance 
matching layers transform the high acoustic impedance of the piezoelectric ceramic to 
the low acoustic impedance of the human body and water, thereby improving the 
coupling with the medium in which the emitted ultrasonic waves will propagate. 

[0005] To fabricate a linear array of piezoelectric transducer elements, the top portion of 
this stack is then "diced" by sawing vertical cuts. i.e.. kerfs, that divide the 
piezoelectric ceramic block into a multiplicity of separate side-by-side transducer 
elements. During dicing, the bus of the flex circuit is cut to form separate terminals 
and the metal-coated rear and front faces of the piezoelectric ceramic block are cut to 
form separate signal and ground electrodes respectively. Electrically and acoustically 
isolated, the individual elements can now function independently in the array. 
Although the conductive foil is also cut into parallel strips, these strips are connected 
in common to the conductive foil portion that extends beyond the transducer array,* 
which conductive foil portion forms a bus that is connected to ground. Alternatively, 
the flex circuit can be formed with individual terminals instead of a bus and then 
bonded to the piezoelectric transducer array after dicing. 

[0006] The transducer stack also comprises a mass of suitable acoustical damping 

material having high acoustic losses. This backing layer is coupled to the rear surface 
of the piezoelectric transducer elements to absorb ultrasonic waves that emerge from 
the back side of each element so that they will not be partially reflected and interfere 
with the ultrasonic waves propagating in the forward direction. 

[0007] known technique for electrically connecting the piezoelectric elements of a 

transducer stack to a multi-wire coaxial cable is by a flex circuit having a plurality of 
etched conductive traces extending from a first terminal area to a second terminal 
area in which the conductive traces fan out, i.e., the terminals in the first terminal area 



APP ID=10065813 



Page 2 of 29 



have a linear pitch greater than the linear pitch of the terminals in the second terminal 
area. The terminals in the first terminal areas are respectively connected to the 
individual wires of the coaxial cable. The terminals in the second terminal areas are 
respectively connected to the signal electrodes of the individual piezoelectric 
transducer elements. 

[0008] As the system demands on element count in these devices Increase, the 

requirements for making electrical connection to new complex transducer geometries 
become more demanding. In particular, the density requirements of the transducer 
array are challenged by the transducers needed for multi-dimensional imaging. These 
transducers require elements in two dimensions, instead of the one-dimensional 
designs required by conventional Imaging apparatus. When the electrical interconnect 
becomes two-dimensional, however, the designer is faced with the challenge of 
providing an electrical interconnect for transducer elements which are no longer 
accessible from the sides of the array, which is a feature common to most 
conventional transducer designs. More specifically, in the case of an array of three or 
more rows of transducer elements, one or more rows are in the interior of the array 
with access blocked by the outermost rows of the array. In order to connect the 
internal elements, complicated methods have been proposed and developed. One 
solution, embodied in diverse transducer designs, is to make electrical connections 
through the acoustic backing layer of the transducer stack. 

[0009] ji^g acoustic backing layer or plate is typically made of acoustically attenuating 
material that dampens the acoustic energy generated by the piezoelectric transducer 
in the direction away from the patient being scanned. An acoustic backing layer is 
typically cast from epoxy mixed with acoustic absorbers and scatterers, such as small 
particles of tungsten or silica or air bubbles. The mixtures of these materials must be 
controlled to give the acoustic backing layer a desired acoustic impedance and 
attenuation. This acoustic attenuation, along with the acoustic impedance, affects 
transducer performance parameters such as bandwidth and sensitivity. Therefore, the 
acoustic properties of the backfill material must be tailored to optimize the acoustic 
stack design. Meanwhile, the backfill material must also provide both mechanical 
support for the diced transducer array and, in the case of a two-dimensional array, 
allow for electrical connectivity to each of the individual transducer elements. The 
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addition of the latter requirement for two-dimensional arrays presents some atypical 
constraints on the design and manufacturability of the acoustic backing layer. 
Electrical connectivity must be achieved through the acoustically attenuating material 
in such a manner as to prevent element-to-element electrical crosstalk. Meanwhile 
the electrical connector must also displace a minimal volume percentage of the 
acoustically attenuating material in order for the overall acoustic design of the system 
to be maintained. 

[0010] U.S. Patent No. 5,267,221 describes an acoustically attenuating material that 

contains conductive elements aligned in one direction through the acoustic material to 
provide electrical connectivity between a diced transducer array and an electrical 
circuit. The block of acoustically attenuating material spanned by the electrical 
conductors may be either homogeneous or heterogeneous in composition. The 
electrical conductors embedded within the acoustic material may be wires, Insulated 
wires, rods, flat foil, foil formed into tubes or woven fabric. This patent also discloses 
forming a thin metal coating on cores made of acoustic backing material. Electrical 
contact to the transducer array interface may be at one or multiple locations on the 
array face. 

[001 1] A second approach for obtaining a composite acoustically attenuating material is ^ 
described In U.S. Patent No. 6,043,590. which teaches an acoustic backing block 
comprised of a metallized flex circuit possessing conductive traces embedded within 
an acoustically attenuating material. 

[0012] 

A different approach is taken in U.S. Patent No. 6,266,857, which discloses the 
formation of a set of vias and indented pad seats in an acoustically attenuating 
backing layer, e.g., by means of laser machining. The machined substrate is then 
plated with an electrically conductive material. Excess electrically conductive material 
is removed from the substrate to leave electrically conductive material plated on the 
indented pad seats and the vias, thereby forming conductive pads and plated vias, the 
latter constituting conductive traces that penetrate the substrate in the thickness 
direction. In addition, vias are formed in the piezoceramic layer and plated, these 
plated vias being aligned with and electrically connected to those plated vias in the 
backing layer that are connected to ground. This arrangement allows the electrical 
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connection of ground electrodes on the front surface and signal electrodes on the rear 
surface of the transducer element array to a flex circuit on the back surface of the 
backing layer. 

[001 3] There is a continuing need for two-dimensional ultrasonic transducer arrays of 
improved design with electrical connection through the acoustic backing layer. 

Summary of Invention 

[0014] The invention is directed in part to an ultrasonic transducer having an acoustic 
backing comprised of an acoustically attenuative material possessing an electrically 
conducting plane on at least one face and an electrically conducting path through the 
body of the acoustic backing material. The conductor thicknesses on the surface and 
through the body are sufficiently small that they present a minimal impact on the 
overall acoustic properties- The conductive face joins against the transducer elements, 
allowing for easy contact to each transducer pixel, and is separated into discrete 
elements during array dicing following assembly. 

[001 5] One aspect on the invention is a method of manufacture comprising the following 
steps: forming a preform of acoustic backing material having an array of holes that 
pass through the preform from one side to the other; depositing an electrically 
conducting film onto at least one face of the acoustic backing preform and onto the 
surfaces of the holes that span the acoustic backing material; filling the remaining 
volume inside the holes with acoustic backing material; mounting the resulting layer 
of acoustic backing material onto a transducer array; and electrically separating each 
transducer element to allow for individual electrical connection. 

[0016] 

Another aspect of the invention Is a method of manufacturing an ultrasonic 
transducer comprising the following steps: (a) forming an array of holes in a relatively 
thick layer of acoustically attenuative material having front and rear faces, each hole 
spanning the thickness of the body from the front face to the rear face thereof; (b) 
depositing a first relatively thin layer of electrically conductive material on at least the 
front face of the relatively thick layer and on the surfaces of the holes; (c) filling the 
remaining volume of the holes with acoustically attenuative material; (d) depositing a 
second relatively thin layer of electrically conductive material on a rear face of a layer 
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of piezoelectric material; (e) laminating the relatively thick layer of acoustically 
attenuative material to the layer of piezoelectric material with the first and second 
relatively thin layers of electrically conductive material electrically connected; and 
dicing the layer of piezoelectric material and a portion of the relatively thick layer of 
acoustically attenuative material along a plurality of mutually parallel planes to a 
sufficient depth to form a plurality of kerfs that electrically isolate a plurality of 
regions of the first and second relatively thin layers from each other. 

[001 7] A further aspect of the invention is a method of manufacturing an ultrasonic 

transducer comprising the following steps: (a) forming a mold having a plurality of 
columns; (b) depositing a first relatively thin layer of electrically conductive material 
on the inner surfaces of the mold, including the peripheral surfaces of the columns; 
(c) casting acoustically attenuative material in the mold to form a relatively thick layer 
of the acoustically attenuative material joined to the first relatively thin layer of 
electrically conductive material, with an array of holes formed by the plurality of 
columns; (d) removing the mold while leaving the first relatively thin layer of 
electrically conductive material joined to the relatively thick layer of the acoustically 
attenuative material; (e) filling the remaining volume of the holes with acoustically 
attenuative material; (f) depositing a second relatively thin layer of electrically 
conductive material on a rear face of a layer of piezoelectric material; (g) mounting the 
relatively thick layer of acoustically attenuative material to the layer of piezoelectric 
material with the first and second relatively thin layers of electrically conductive 
material in contact with each other; and (h) dicing the layer of piezoelectric material 
and a portion of the relatively thick layer of acoustically attenuative material along a 
plurality of mutually parallel planes to a sufficient depth that a plurality of regions of 
the second relatively thin layer on the rear face of the layer of piezoelectric material 
are electrically isolated from each other and a corresponding plurality of regions of 
the first relatively thin layer on the front face of the relatively thick layer of 
acoustically attenuative material are electrically isolated from each other by a plurality 
of kerfs. 

[001 8] another aspect of the invention is an ultrasonic transducer comprising an array 

of piezoelectric transducer elements and an acoustic backing layer acoustically 
coupled to the rear face of each of the piezoelectric transducer elements, the acoustic 
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backing layer comprising a layer of acoustically attenuative material with a plurality of 
via-shaped internal structures, each of the via-shaped internal structures having a 
deposit of electrically conductive material thereon and bounding a volume filled with 
acoustically attenuative material. 

[001 9] A further aspect of the invention is an ultrasonic transducer comprising: an 

acoustic backing layer made of acoustically attenuative material; a array of ultrasonic 
transducer elements that generate ultrasound waves in response to electrical 
excitation, each ultrasonic transducer element having a rear face acoustically coupled 
to a respective region of a front face of the acoustic backing layer; a array of acoustic 
matching layer elements, each ultrasonic transducer element having a front face 
acoustically coupled to a respective acoustic matching layer element; a common 
ground connection made of electrically conductive material and disposed between the 
array of ultrasonic transducer elements and the array of acoustic matching layer 
elements; and a plurality of electrical conductors that pass through the acoustic 
backing layer. The front and rear faces of the ultrasonic transducer elements have 
deposits of electrically conductive material thereon. Each of the electrical conductors 
comprises a respective conductive pad formed on the front face of the acoustic 
backing layer and in electrical contact with an opposing rear face of a respective 
ultrasonic transducer element, and further comprises a respective conductive trace 
deposited on a respective via-shaped structure in the acoustic backing layer, 
connected to a respective one of the conductive pads and exposed at a rear face of 
the acoustic backing layer. No part of the common ground connection passes through 
the acoustic backing material. 

[0020] Other aspects of the invention are disclosed and claimed below. 

Brief Description of Drawings 

[0021] FIG. 1 is a drawing showing an isometric view of one column of a three-row 

transducer array having a construction in accordance with one embodiment of the 
invention. 

[0022] FIGS, 2-7 are drawings showing respective steps in the method of manufacture in 
accordance with one embodiment of the invention. 
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[0023] FIG. 2 Is a drawing showing a top view of a bar- or plate-shaped body of 

acoustically attenuatlve material having holes that pass through the thickness of the 
body. 

[0024] FIG. 3 is a drawing showing a sectional view of the acoustically attenuative body 
depicted in FIG. 2, the section being taken along line 33 indicated in FIG. 2. 

[0025] FIG. 4 is a drawing showing a sectional view of the acoustically attenuative body 
depicted in FIG. 3 after electrically conductive material is deposited on the front face 
and in the throughholes. 

[0026] FIG. 5 is a drawing showing a sectional view of the acoustically attenuative body 
depicted in FIG. 4 after the throughholes (with electrically conductive material 
deposited thereon) are filled with acoustically attenuative material. 

[0027] FIG. 6 is a drawing showing a top view of the acoustically attenuative body 
depicted in FIG. 5, after the top stratum of the body is diced along mutually 
orthogonal directions. 

[0028] FIG. 7 is a drawing showing a sectional view of the acoustically attenuative body 
depicted in FIG. 6, the section being taken along line 77 indicated in FIG. 6. 

[0029] FIG. 8 is a drawing showing an isometric view of a transducer pallet at a stage of 
manufacture wherein acoustic impedance matching layers have been laminated to the 
front face of a piezoelectric layer whose rear face is laminated to an acoustic backing 
layer. 

[0030] FIG. 9 is a drawing showing an isometric view of the transducer pallet depicted in 
FIG. 8 after further dicing operations. 

Detailed Description 

[0031] The present invention is directed to an acoustic backing layer for a multi-row 

two-dimensional transducer array and a method for manufacturing such an acoustic 
backing layer. The backing material possesses acoustic attenuation properties 
sufficient to allow for optimal acoustic stack design plus electrical connectivity 
through the backing layer to each individual element of the transducer array. 



APP ID=10065813 



Pages 



[0032] FIG. 1 depicts one column of a three-row transducer array 1 0 having a 

construction in accordance with one embodiment of the invention. Each transducer 
element 1 2 is joined at its rear face to an acoustic backing layer 1 4 made of 
acoustically attenuative material. The transducer elements are preferably made of 
piezoelectric ceramic material. The acoustic backing layer in turn has a plurality of 
flexible printed circuit boards ("flex circuits") joined to its rear face, one flex circuit for 
each row of transducer elements. Only one transducer element from each row has 
been shown in FIG. 1 , along with corresponding portions of the acoustic backing layer 
and the flex circuits. However, it should be understood that both the acoustic backing 
layer 1 4 and the flex circuits 1 6 extend the full width of each row of transducer 
elements. 

[0033] Each transducer element 1 2 in the array 1 0 is acoustically coupled to the acoustic 
backing layer 14. The rows of transducer elements are electrically connected to 
respective flex circuits 1 6 via electrical conductors (not shown in FIG. 1) embedded in 
and passing through the acoustic backing layer 14 in the thickness direction. Each 
transducer element 1 2 in a given row is electrically connected to a respective 
conductive trace (or conductive pad formed at the end of each conductive trace) on 
the corresponding flex circuit. The conductive trace may be printed on a flexible 
substrate in conventional fashion. The substrate may consist of a dielectric material 
such as polyimide. Each conductive trace (or a conductive pad at the end of the 
conductive trace) is in electrical contact with the rearward termination of a respective 
electrical conductor in the acoustic backing layer 14. Each transducer element 12 has 
a signal electrode (not shown) on its rear face that is in electrical contact with the 
forward termination of the respective electrical conductor in the acoustic backing 
layer. In conventional fashion, the signal electrodes may be formed by depositing 
metal on the rear face of a layer of piezoelectric ceramic material and then dicing the 
piezoelectric ceramic material to form the transducer elements. This dicing operation 
produces mutually parallel kerfs 32 that separate adjacent rows of transducer 
elements and that penetrate into a top portion of the acoustic backing layer, as will be 
described in more detail later. 

[0034] y^f^gj. ^p^g foregoing dicing operation, a ground connection 1 8 is placed onto the 
metallized tops of the piezoelectric transducer elements 12. One embodiment of this 
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is to plate a thin (e.g., 2-4 microns) metal layer onto an inner acoustic impedance 
matching layer 20 and then laminate the latter to the front face of the piezoelectric 
layer. A second acoustic impedance matching layer 22 is laminated to the first 
acoustic impedance matching layer 20. Layers 20 and 22 are then diced in the same 
planes that the piezoelectric layer was diced, thereby forming kerfs 36 that are 
generally coplanar with kerfs 32. The dicing of layer 20 stops short of the ground 
metallization 1 8. In this way the elements in a column are acoustically separated from 
one another, but electrically connected via the ground metallization. 

[0035] In accordance with one embodiment of the present invention, the electrical 
conductors connecting the transducer array to the flex circuits via the acoustic 
backing layer comprise: (1) respective conductive pads deposited on the front face of 
the acoustic backing layer and in electrical contact with respective signal electrodes 
on respective transducer elements; and (2) respective conductive traces connected to 
respective conductive pads and deposited inside respective vias or throughholes 
formed in the acoustic backing layer. Each via is subsequently filled with acoustically 
attenuative material. Optionally, the electrical conductors of the acoustic backing layer 
may further comprise respective conductive pads deposited on the rear face of the 
acoustic backing layer and in electrical contact with respective conductive pads or 
traces printed on flex circuits (one flex circuit for each row of transducer elements). 

[0036] Thus, the electrical path is from the flex circuit 1 6 to the conductive trace in the 
backing layer 14, and then to the signal electrode on the rear face of the transducer 
element 12. The metallized front faces of the transducer elements are connected to 
the ground metallization 1 8, which is common to all elements. The forward acoustic 
path is from the ceramic elements 1 2 through the ground metal layer 1 8 to the 
acoustic matching layers 20 and 22, and then into the lens or facing (not shown) for 
the transducer. The reverse acoustic path is for the energy to get trapped by the 
acoustic backing layer 14. 

[0037] 

The method of manufacturing the acoustic backing layer in accordance with one 
embodiment of the invention will now be described with reference to FIGS. 2-7. The 
method starts with a layer 24 of acoustic backing material. In the first step, a preform 
is prepared by forming an array of spaced holes 26 that pass all the way through the 
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thickness of the layer 24. An example of this can be seen in FIGS. 2 and 3. For the 
sake of simplicity, one row of three holes is shown, but it should be understood that 
an array of holes will be formed in the perform. One or more holes will be formed for 
each transducer element in the final transducer array. One face of the preform will 
eventually be placed against and joined to the transducer array. That face will be 
referred to herein as the "front face". The holes 26 may be arrayed in the same pattern 
as the pattern governing the transducer array. The acoustic backing material itself 
may be homogeneous in composition or. more commonly, may be a homogeneous 
mixture of several materials possessing different acoustic properties. 

[0038] The preform, consisting of a layer 24 of acoustic backing material plus holes 26, 
may be made by any of several techniques. For example, the preform may be formed 
from a solid piece of acoustic backing material by mechanical or laser drilling of the 
holes. Conversely, the preform may be formed by casting the acoustic backing 
material over a mold that contains columns. Once removed from the mold, the mold 
columns form holes 26 in the cast acoustic backing material 24. The mold columns 
may be tapered to assist in removal of the cast material from the mold. 

[0039] After the backing layer preform has been prepared, a layer 28 of electrically 

conductive material is deposited on the front face of the preform and on the interior 
surfaces of the holes 26, as seen in FIG. 4. The resulting conductive film 28 is 
sufficiently thin so as to not interfere with the acoustic coupling of rean^^ardly 
propagating ultrasound waves from the piezoelectric elements into the acoustic 
backing material. The conductive film 28 is also thin relative to the radius of the 
preform array holes. The conductive material is preferably a metal but may also be 
any other material that possesses sufficient electrical conductivity, such as inorganic 
or organic conductors. The deposited electrically conductive material 28 covers at 
least the front face of the backing material 24 and is deposited inside the holes 26 
that pass through the body of the acoustic backing material. Deposition may be , 
accomplished by any of several common techniques, such as electroless plating, 
evaporation, vapor deposition, or solution coating. 

[0040] 

A variation for preparing the conductive array of holes in the acoustic backing 
material is to prepare the form for casting the acoustic backing material as described 
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above. A thin layer of electrically conductive material is deposited onto the form prior 
to casting of the acoustic backing material. After the backing material has hardened, 
the form is removed by heating or dissolving, thereby leaving behind the acoustic 
backing- material and the attached conductive coating. The conductive film need not 
be limited to only one face of the acoustic backing material. However, it is preferred 
that at least the front face of the acoustic backing material be electrically conducting 
for optimal electrical coupling to the signal electrodes of the piezoelectric transducer 
elements, 

[0041] Once the acoustic backing material possesses electrical connectivity through each 
of the array holes, additional acoustic backing material 30 Is used to fill the remaining 
openings In the acoustic backing preform, as shown in FIG. 5. The composition of the 
acoustic backing material used to fill these holes is preferably the same as used to 
prepare the initial acoustic backing material preform. However, the composition of the 
fill material can be different than the composition of the starting acoustic backing 
material in order to modify the acoustic signal. 

[0042] The final product Is an acoustic backing material in which a substantial volume is 
acoustically attenuative material so as to allow for optimal transducer design. 
However, the acoustic backing material also possesses an array of conductive material 
deposited over one face, to provide for minimal contact resistance with the transducer 
array Interface, and possesses electrical connectivity through the thickness to provide 
for electrical contact to electrical circuitry mounted to the other face. 

[0043] The next operation Is to mount the acoustic backing layer onto the back face of a 
piezoelectric layer and then dice the resulting laminate through the total thickness of 
the latter and through only a top portion of the thickness of the formed using a dicing 
saw. Preferably this is done in one dicing operation, although this is not necessary and 
the top portion of the acoustic backing layer could be diced before being laminated to 
the piezoelectric layer. 

[0044] top view of the acoustic backing layer after dicing in mutually orthogonal 

directions can be seen in FIG. 6. A first plurality of mutually parallel kerfs 32, made 
during one dicing operation, subdivide the piezoelectric layer into columns, whereas a 
second plurality of mutually parallel kerfs 34, orthogonal to kerfs 32 and made during 
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another dicing operation, subdivide the piezoelectric layer into rows, the result being 
an array of electrically and acoustically isolated transducer elements arranged in rows 
and columns. The kerfs 32 and 34 are spaced so that a respective transducer element 
is formed for each via in the acoustic backing layer. In other words, the transducer 
array is arranged to allow each transducer array element to be electrically connected 
to the acoustic backing material, with a respective metallized and filled throughhole 
or via connected to each transducer element. The metallized face of the acoustic 
backing material is separated into discrete elements coincident with the transducer 
elements by physically cutting through the conductive layer deposited on the acoustic 
backing material front face during dicing, as indicated by kerfs 34 in FIG. 7. The 
dicing of the metallized front face of the acoustic backing layer need not penetrate 
deep into the backing material, but must be sufficiently deep to electrically and 
acoustically isolate one transducer element from another. 

[0045] In the case of mutually orthogonal straight kerfs as shown in FIG. 6, conductive 
pads 38 of electrically conductive material 2 8 are formed on the front face of the. 
acoustic backing material. The outer periphery of each conductive pad 38 is generally 
rectangular, while the inner periphery of the conductive pad is generally circular. The 
inner periphery of each conductive pad 38 is connected to the top end of the 
corresponding conductive trace 40 (see FIG. 7) formed by depositing electrically 
conductive material in the holes in the backing layer. 

[0046] Connection to the exposed ends of the conductive traces 40 on the back side of 
the acoustic backing material array holes thereby provides electrical connection to 
each transducer element in the multi-row array. Connection can be through any of 
several common methods, such as the use of a multilayer flex circuit or other direct 
metallization method. 

[0047] 

The lamination and dicing of the various layers of the transducer pallet is shown 
in FIGS. 8 and 9. The piezoelectric layer 1 2 is typically lead zirconate titanate (PZT), 
polyvinylidene difluoride, or PZT ceramic/polymer composite. Typically, the 
piezoelectric ceramic material of each transducer element has a signal electrode 
formed on its rear face and a ground electrode formed on its forward face. The 
transducer pallet also comprises a mass 14 of suitable acoustical damping material 
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having high acoustic losses, e.g., a mixture of epoxy, silicone rubber and tungsten 
particles, positioned at the back surface of the transducer element array. This backing 
layer 14 is coupled to the rear surface of the transducer elements to absorb ultrasonic 
waves that emerge from the back side of each element, so that they will not be 
partially reflected and interfere with the ultrasonic waves propagating in the forward 
direction. Typically, each transducer array element also comprises a first acoustic 
impedance matching layer 20, which is bonded to the metallized front face (which 
metallization forms the ground electrode) of the piezoelectric layer 1 2. A second 
acoustic impedance matching layer 22 is bonded to the first acoustic impedance 
matching layer 20. Layers 1 2, 20 and 22 in the transducer pallet are bonded using 
acoustically transparent thin layers of adhesive. The acoustic impedance of the second 
matching layer 22 must be less than the acoustic impedance of the first matching 
layer 20 and greater than the acoustic impedance of the medium acoustically coupled 
to the transducer array. 

[0048] FIG. 8 shows the pallet that results from the following steps: The acoustic backing 
layer 14 is laminated to the piezoelectric layer 12, layers 12 and 14 are diced 
completely through layer 1 2 and only partly through layer 1 4 to form kerfs 32; 
acoustic impedance matching layer 20 is laminated to the top of the piezoelectric 
layer 12; and then acoustic impedance matching layer 22 is laminated to the top of 
acoustic impedance matching layer 20. Preferably the rear surface of acoustic 
matching layer 20 that contacts the piezoelectric layer 12 Is metallized to provide the 
ground connections to the ground electrodes on the front faces of the transducer 
elements. The kerfs 32 may be left empty or may be filled with a material that has a 
low shear modulus. 

[0049] Referring now to FIG. 9, the piezoelectric rows are diced completely through the 
metallization on the rear face of the piezoelectric layer 12 and the front face of the 
acoustic backing layer 14 in the elevation dimension to form individual transducer 
elements and to electrically isolate the conductive contacts (i.e., conductive pads and 
electrodes) under each individual transducer element. Orthogonal dicing cuts 36 are 
also made in the azimuth direction in line with the kerfs 32 to mechanically separate 
the matching layers of each row of elements. The kerfs 36 do not extend completely 
through the acoustic matching layer 20, thereby leaving continuous strips of the 
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metallized rear surface of the acoustic matching layer 20 across each column of 
elements in the elevation dimension. Thus, the ground electrodes in all rows of 
transducer elements can be connected to a common ground from either elevational 
side of the transducer array. 

[0050] After dicing, the front face of the second acoustic impedance matching layer 22 is 
conventionally bonded to the planar rear face of a convex cylindrical lens (e.g., made 
of silicone rubber) using an acoustically transparent thin layer of silicone adhesive. 

[0051] The conductive pads on the front face of the acoustic backing layer may be 

laminated to the signal electrodes of the transducer array using high pressure and a 
thin layer of non-conductive epoxy. If the opposing surfaces of the acoustic backing 
material and the piezoelectric ceramic material are microscopically rough and the 
epoxy layer is sufficiently thin, then an electrical connection is achieved via a 
distribution of direct contacts between high points on the ceramic and high points on 
the acoustic backing layer. 

[0052] An ultrasonic transducer array can be electrically connected to conductive traces 
on a flex circuit using the acoustic backing construction disclosed above. The latter 
can also be used to electrically connect an ultrasonic transducer array to other 
electrical conductor arrangements, such as inflexible printed circuit boards, wires, 
cables, and so forth. 

[0053] While the invention has been described with reference to preferred embodiments, 
it will be understood by those skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without departing from the scope 
of the invention. In addition, many modifications may be made to adapt a particular 
situation to the teachings of the invention without departing from the essential scope 
thereof. Therefore it is intended that the invention not be limited to the particular 
embodiment disclosed as the best mode contemplated for carrying out this invention, 
but that the invention will include all embodiments falling within the scope of the 
appended claims. 
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